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SUIMAHY 

This  Note  recorde  the  results  of  the  static  detonations  of  3/16,  I/4 
and  5/16  inch  square-section  continuous-rod  warheads,  against  Boeing  B29 
aircraft  fuselages,  four  of  which  were  loaded  to  simulate  straight  and  level 
flight  conditions  at  the  attack  station.  In  the  attack  of  the  mid  presswe 
section  (unpressurised)  from  45"  above  abeam,  only  the  1/4  and  5/16  Inch 
square  section  rods  were  capable  of  causing  complete  failure  of  the  fuselage, 
whilst  in  the  roar  bomb  bay  section  (aft  of  the  wings)  only  the  5/16  inch 
rod  produced  a  similar  failure  of  the  target. 

Stress  analyses  have  been  made  of  the  damaged  targets  to  assist  in  the 
determination  of  the  mechanism  of  target  failuro  and  of  possible  factors 
Influencing  rod  offectivonese  against  aircraft  fuselages.  Some  proposals 
for  further  work  are  included. 
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1  DTORODUCTION 

1.1  Provioue  trials^*^,  in  which  3/lfi  arid  lA  ia.  s(iuare  section 
continuou3-r(xl  warhoade  were  fired  against  various  stationary,  unloaded, 
fuselage  targets,  showed  that  both  sizes  of  rod  were  capable  of  severing 
up  to  505^  of  the  cross-sectional  area  of  target  structure,  comprising  skin, 
stringers  and  in  some  oases,  longerons.  ]?rom  these  results  it  was  only 
possible  to  obtain  an  indication  of  the  effectiveness  of  the  ccaitinuous-rods 
in  causing  a  structural  kill  of  the  target  since  the  target  residual 
strengths  and  tho  effect  of  target  loading  at  the  time  of  attack  could  not 
be  determined. 

1.2  In  consequence,  it  viaa  decided  to  make  some  limited  firings  of  various 
sizes  of  continuous  rods  against  sections  of  fuselages  loaded  to  reproduce 
r,trai,;ht  and  level  flight  stresses  in  the  structure  at  the  point  of  attack. 
Poeirg  1)29  aircraft  were  chosen  as  targets  sinco  their  fuselage  ocwistruction 
is  conventional  and  is  thought  to  aponximato  to  that  of  the  Soviet  'Badger* 
aircraft.  Similar  unloaded  targets  v/ore  included  for  tho  p'jrposes  of 
coLiparison. 

1 .3  The  four  firings  described  in  this  Note  were  made  at  the  P.  &  E.E. 
(Shoaburyrieaa)  between  June  and  October  1959  and  are  to  eome  extent  oomple- 
nontary  to  those  made  previously  against  Boeing  B29  aircraft  wings', 

2  OBJliCTS  OF  THE  TRI.iLS 

2.1  Tlie  objects  of  the  trials  woros- 

(c)  To  Ictormino  tho  influonco  of  flight  loads  on  the  effectiveness 
of  continuous-rods  when  attacking  aircraft  fuselages. 

(b)  To  compare  tho  relative  offectivoness  of  3/l6»  lA  5/l6  in. 
squaro-soction  continuous-rodo  v/hen  attacking  various  sections  of  loaded 
and  unloaded  aircraft  fuselages,  mainly  of  conventional  construction. 

(c)  To  dotormino  tho  factors  governing  the  effectiveness  of  continuous 
rods  when  attacking  aircraft  fuselages. 

3  TRIALS  FROGHAiCa; 

3.1  P’our  warhead  firings  were  made  against  structurally  complete  B29 
aircr;ift  fuselages,  loaded  to  reproduce  straight  and  level  fll^t  stresses 
at  tho  attack  station.  Of  those,  t)70  attacks  wore  against  the  mid  crew 
compartment  and  two  ogainst  tho  bomb  boy  section  aft  of  the  wings. 

3.2  In  all  but  one  firing,  on  unloaded  fuselage  seotlcxi, similar  to  that 
being  attackod  in  the  loaded  condition,  was  Included  as  a  secondary  target. 

In  the  remaining  firing,  a  Handley  Page  Victor  aircraft  rear  fuselage 
section  was  attacked. 

3.3  Generally,  a  coitinuous  rod  projected  from  a  O.W.  warhead  is  squally 
likely  to  strike  the  target  from  any  direction,  but  due  to  the  limitations 
imposed,  in  those  trials,  by  target  attitude,  loading  etc.,  it  was  deoided 
to  attack  all  primary  targets  from  45®  above  dead  abeam  relative  to  tho 
attack  station.  The  eooondary  targets,  not  being  lindted  by  loading 
conditions,  were  attacked  from  45°  above  abeam  and  60°  off  dead  astern. 

Those  directions  woro  considorod  to  bo  typical  of  oontinuo’js-rod  attack  and 
likely  to  produce  oircuoforontial  outs  in  the  target  structure. 
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3.4  A  aummary  of  tho  firings  and  results  is  given  in  Table  1. 

4  WABHEAIS 

4*1  Experimental  models  of  Blue  Jay  and  Hed  Dean  warheads  (3/l6,  1/4  and 
5/16  in.  square  section  continuous  rods)  were  used.  Some  details  of  those 
warheads  are  given  in  Table  2. 

4.2  The  warheads  wore  mounted,  20  to  30  ft  above  the  ground,  on  adjustable 
baseplates  secured  to  a  simple  tubular  structure.  The  slant  distances  from 
the  warhead  centre  to  the  nearest  point  on  the  fuselage,  at  the  attack 
station  vvero  adjusted,  in  all  the  firings,  to  be  of  the  rod  theoretical 
maximum  hoop  radius.  Thus,  tho  slant  ranges  for  tho  3/l^>  1/4  and  5/I6  in. 
rod  warheads  wore  20,  32  and  25  ft  respectively. 

5  TARGETS 

5.1  The  primary  targets  used  in  the  trials  were  full-length  Boeing  B29 
fuselages,  assembled  complete  v/lth  inner  wings,  and  mounted,  in  the  normal 
flying  attitude,  on  supports  under  the  wing  roots.  Dead  loads  were  applied 
to  the  upper  surface  of  tho  tallplane  to  simulate  flight  stresses  at  the 
attack  station. 

5.2  It  should  be  noted  that  two  firings  were  made  against  sections  of  the 
fuselage  which,  in  normal  flight,  would  be  pressurised.  However,  since  the 
prosonco  of  such  a  pressurised  compartment  in  the  centre  fuselage  la  most 
unusual  on  modem  bomber  aircraft  it  was  considered  to  be  more  representative 
to  attack  these  sections  in  tho  unpressurlsed  condition. 

The  similarity  of  tho  structure  in  adjacent  unpressurlsed  regions 
showed  that  any  effects,  resulting  from  the  strengthening  of  the  structure 
of  those  sections  to  take  pressurlsation  loads,  to  be  negligible  and  oon- 
soquontly  damage  effects  in  pressurised  and  unpressurlsed  sections  could  be 
compared. 

5.3  secondary  targets  consisted  of  two  B29  centre  fuselages 

(Stns. 216-646),  ono  B29  mid  crow  compartment  (Stns. 646-634)  and  one  Handley 
Pago  Victor  roar  fuselage  section  (Stns. 967-1045)*  These  targets  were  slowly 
supported  in  the  required  attitudes. 

5.4  Details  of  tho  layout  and  loading  of  the  prlmaiy  targets  are  given  In 
Appendix  1 .  Oeneral  arrangoroonts  drawings  of  the  target  layoute  are  given 
in  Flg.1  and  ehown  piotorially  in  Figs. 9  and  10. 

5.5  Cross-sections  of  the  B29  fuselage  at  the  stations  attacked,  shoving 
the  location  and  dimenelons  of  the  various  structural  members,  are  given  In 
Flg.2. 

6  INSTRUMaTTATION 


6.1  Tho  time  taken  by  the  rods  to  travel  between  burst  point  and  target  vm 
measured  by  a  mloro-eecond  counter  ebronometor,  actuated  by  an  infra-red  photo¬ 
cell  directed  at  the  warhead  and  six  "make  screens"  fitted  on  the  fuselsgs  at 
the  attack  station.  The  mean  rod  velocity  was  calculated  using  the  avsraga 

of  the  times  obtained  from  each  of  the  eix  channels.  Striking  velocities 
were  then  computed  from  rod  retardation  data  and  are  given  in  Table  1 . 

6.2  In  all  firing,  the  inetrumontatlon  was  provided  and  operated  by  the 
staff  of  P.  te  E.S.Ts). 
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7  TRIALS  PSOCSDURE 

7.1  In  each  trial,  after  the  assembling  and  positioning  of  the  targets, 
the  primary  target  was  loaded.  The  warhead  was  then  detonated  and  the 
resulting  damage  recorded.  In  the  two  oases  where  the  loaded  target  did 
not  fall,  a  steadily  Increasing  down  load  was  applied  to  the  fuselage 
below  the  tallplone  until  failure  occurred  at  the  attack  station.  The 
falling  load  required  was  noted  and  the  residual  strength  of  the  target, 
after  attack,  determined. 

8  TRIALS  RBSULTS 

5.1  The  damage  to  each  of  the  fuselage  targets  from  rod  attack  is 
summarized  in  Table  3  and  illustrated  in  Figs. 3-8  and  II-I4. 

8.2  The  residual  strengths  of  the  primary  targets  which  did  not  fall 
initially,  are  given  in  Table  1  together  with  moan  rod  velocities  and 
approximate  striking  velocities  for  each  firing. 

9  AmYSIS  OF  TARGET  DAMAGE 
9.1  Primary  targets 

9.1.1  To  obtain  information  on  the  mochanism  of  target  damage  and  to 
provide  indications  of  the  factors  likely  to  affect  continuous-rod  offeotive- 
noss  against  aircraft  fuselages,  structural  analyses  were  mode  of  the  four 
primary  targets  damaged  in  the  trials. 

9.1.2  The  method  of  analysis  was  the  same  as  that  iised  by  the  Boeing 
Airplane  Co.  in  the  design  of  the  B.29  and  which  is  described  in  a  report  of 
tho  Sidovrinder  Y^arhoad  offoctivenoss  issued  by  N.O.T.S.  in  the  U.S.A.^. 

Visual  examination  of  the  primary  targets  had  shown  thatJ- 

(a)  failures  v/ero  almost  v/holly  tensile, 

(b)  frame  damage  v/as  negligible, 

(c)  exit  sido  damage  was  relatively  small. 

Thus,  tho  analyses  wore  made  for  pure  bending  loads  only,  exit  side  and  frame 
damage  being  nogloctod.  Details  of  the  analyses  are  given  in  Appendix  2. 

9.1 >3  The  maximum  nominal  stresses  occurring  in  the  target  struoturee, 
immediately  aftor  rod  attack,  and,  in  two  cases,  at  the  oomoenoement  of 
failure  under  incroasod  load,  were  calculated  and  are  aa  followet- 


Firing 

1 

1 

Tensile 

Compreaeive 

N0.I  (1/4"  C.R.  V.  Stn.768) 

11,500 

WM 

At  failure  after  rod 
attack. 

N0.2  (3/16"  C.R.  V.  Stn.768) 

10.400 

16.400 

n 

After  rod  attack. 

At  failure  under 
additional  load. 

N0.3  (1/4"  C.R.  V.  Stn.566) 

15»680 

22,600 

8,020 

11,500 

After  rod  attack. 

At  failure  under 
additional  load. 

No,4  (5/I6"  C.R.  V.  Stn,566) 

25,500 

9,950 

At  failure  after  rod 
attack. 
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In  each  case,  the  maximum  nominal  atrossoe  occurred  at  the  ends  of  the 
rod  cut.  As  the  ultimate  tensile  strength  of  the  material  used  In  the  B.29 
fuoologe  (24  ST.  aluminium  alloy)  Is  of  the  ordor  of  60,000  Ih/ln^,  It  appears 
highly  probable  that  fxiselage  failure  was  Initially  duo,  in  each  oase,  to  the 
stress  concentration  at  the  tensile  loaded  end  of  the  rod  out  giving  rise  to 
a  fast  propagating  crack . 

9*1«4  If  this  assumption  Is  true  it  la  eqpparent  that  aotueil  values  of 
nominal  stress  alone  are  of  little  use  in  determining  whether  a  structure 
will  fall  or  not,  the  overriding  factor  being  the  magnitude  of  the  stress 
oonoentratlon.  In  the  trials  this  factor  appeared  to  vary  between  approx. 

2  and  5t  probably  dependent  on  the  out  end  shape.  Should  a  fuller  unde]^• 
standing  of  the  magnitude  and  occurrence  of  stress  oonoentratlons  be  obtained 
In  the  future, then  the  values  of  nominal  tensile  stress  will  beoome  Increas¬ 
ingly  Important. 

12^ 

9*1  *3  It  has  been  noted  In  these  and  other  trials  *  that  the 
initially  oontlnuoue  rod  hoop.  In  Its  passage  through  the  attack  face  of 
typical  aircraft  target  structures,  is  broken  up  Into  numerous  small  fragments 
as  a  result  of  the  impact  (see  Fig. 12).  This  fact  suggests  that  the  maxlmuffl 
possible  length  of  continuous  cut  on  a  circular  section  fuselage.  Is  that  part 
of  the  oircumference  bowded  by  the  two  tangen‘>  to  the  fuselage  drawn  from 
the  position  of  warhead  detonation.  Since  the  nominal  stresses  in  a  target 
arising  from  rod  damage  are  largely  dependent  on  the  amount  of  structure 
severed  by  the  rod  and  hence  on  the  length  of  the  continuous  out  in  the  attack 
side,  it  Is  of  Interest  to  compare  the  lengths  of  cut  obtained  In  the  trials 
with  the  apparent  maximum  obtainable.  This  comparison  Is  made  in  Table  3  snd 
it  will  be  seen  that  In  all  cases  the  rods  produced  cute  greater  than  90$^  at 
the  theoretical  maximum  with  the  exception  cf  the  1/4  In.  rod  attacking 
Stn.3^6  of  the  primary  target,  where  only  74)^  was  achieved.  This  foot,  and 
the  shape  of  the  rod  cut  on  the  fuselage  (Fig.13A),  indicates  that  this  rod 
did  not  develop  fully,  as  In  the  other  firings.  UMs  result,  however,  mist 
not  bo  fully  discounted  for  assessment  purposes,  as  it  may  lie  within  the 
scatter  to  be  expootod  in  warhead  performance.  The  relatively  short  length 
of  cut  accounts  for  the  low  nominal  tensile  stress  produced  in  the  target  and 
possibly  for  the  ineffectiveness  of  the  rod  warhead  In  this  partioular  firing. 
Also  Included  in  Table  3  ore  the  approx,  percentages  of  the  total  oross- 
soctlonal  area  of  tho  targets  severed  by  the  rods  in  (a)  the  attack  side  and 
(b)  the  attack  and  exit  sides  combined.  It  will  be  seen  that  the  percentage 
dlfforenoe  in  structvure  severed  for  targets  which  did  foil  and  those 
which  did  not  was  of  tho  ordor  cf  3  to  3^  for  attack  side  damage.  This, 
though  small,  could  be  sigiifioant,  bearing  in  mind  the  location  of  the 
additional  severed  material  in  a  hl^ly  stressed  tensile  loaded  region.  When 
exit  damage  was  included, the  percentage  difference  rose  to  between  3  and  Jft* 
However,  since  the  exit  damage  tended  to  be  concentrated  on  or  near  the 
neutral  axis  of  the  damaged  fuselage,  It  is  thought  to  have  hod  little  effect 
on  the  target  residual  strength. 

9*  1*6  A  further  point  arising  from  target  damage  analysis  ms  that  the 
length  of  rod  out  below  a  line  Joining  warhead  and  target  centres  was,  in  all 
oases,  equal  to  or  greater  than  the  length  of  out  above  this  line,  and  is 
probably  attributable  to  the  effect  of  the  ground  on  rod  deployment  near  the 
lower  extremities  of  the  cuts. 

9,2  Secondary  targets 

9.2,1  From  the  results  of  Firing  No.2,  In  which  the  same  section  of  the 
B.29  fuselage  was  attacked  by  a  3/^6  in.  rod  In  both  the  loaded  and  imloaded 
condition  from  the  same  direction  of  rod  approaoh,  it  appeared  that  target 
loading  had  little  effect  on  the  extent  of  the  damage,  the  length  of  cut  and 
amount  of  structure  severed  on  each  target  being  very  similar. 
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9*2.2  The  reaulte  of  Firings  Nos.3  and  4  against  the  secondary  targets 
showed  that  the  effect  of  changing  the  direction  of  attack  from  45®  above 
abeam  to  60°  off  astern  was  to  slightly  decrease  the  amount  of  skin  and 
stringer  material  severed, but  this  was  offset  by  the  severance  of  several 
frames.  &lt  damage  was  reduced  to  negligible  proportions.  The  3/l^  In*  rod 
was  also  shov/n  to  be  capable  of  damaging  longeron  members  adjacent  to  the 
skin  to  a  greater  extent  than  the  1/4  in.  rod. 

9*2*3  The  low  percentage  (31^)  of  structure  severed  by  the  1/4  in.  rod 
when  attacking  the  Victor  rear  fuselage  was  due  to  the  presence  of  strong 
structural  members  located  near  the  fuselage  centre  line  which  the  rod  was 
unable  to  damage  severely,  having  already  passed  throu^  the  fuselage  skin. 

10  INTaRPR-CTATION  OF  DAllAGB  ANALYSIS 

10.1  Apart  from  the  more  obvious  factors  r;hich  may  influence  rod  effective¬ 
ness,  such  as  rod  sice,  velocity,  material  and  construction,  the  trials 
results  and  subsequent  analysis  show  that  certain  other  factors  should  be 
considered.  These  are  discussed  briefly  belows- 

( a )  Shape  of  rod  cut  extremities 

If  the  theory  that  failure  of  the  loaded  fuselages  attacked  in  the 
trials  was  by  the  propagation  of  a  fast  crack  frcm  the  tensile  loaded 
extremity  of  the  rod  cut,  then  the  nature  and  shape  of  the  cut  end  may  be  of 
gi'sat  importance  since  it  will  determine  the  magnitude  cf  the  stress  con¬ 
centration  at  that  point.  For  example,  the  stress  concentraticn  factor  will 
bo  much  less  at  a  roiuid-endsd  cut  than  at  a  sharp-ended  one.  The  factors 
affecting  cut-end  shape  have  not,  as  yet,  been  determined  but  will  largely 
depend  on  rod  behaviour  during  its  passage  through  the  target.  Clear ly^  the 
effects  of  stress  concentrations  will  be  restricted  to  rod  outs  having  one 
end  in  a  highly  loaded  tensile  surface. 

(b)  Direction  cf  attack 

In  a  fuselage  target,  the  direction  of  attack  will  deteimins  the 
radial  location  of  the  rod  cut.  The  stress  analyses  made  on  tbs  damaged 
targets  show  that  cuts  in  the  tensile  (upper)  and  compressive  (lower)  loaded 
surfaces  will  be  considerably  more  effective  than  outs  in  the  ^ear  loaded 
(side)  surfaces  since  the  former  are  designed  to  take  the  majority  of  the 
fuselage  bending  load  and  hence  contain  a  large  proportion  of  the  target 
cross-sectional  material.  Furthermore,  daoiaga  to  the  oompresslvely  loaded 
lower  surfaces  should  be  the  most  effective  because  the  allowable  streaeee 
arc  lowest  in  this  region  due  to  the  inst^illty  caused  in  the  surfaoe  by 
the  severing  cf  stringers,  longerons  etc.^  It  has  also  been  found  that  a 
small  extension  of  the  rod  cut  near  the  top  of  the  fiiaelage  (in  tension) 
will  considerably  raise  the  maximum  nominal  tensile  stress  resulting  from 
the  cut* 

(c)  Fuselage  frame  damage 

The  trials  have  shown  that  the  three  sizes  of  rod  used  were  capable 
of  severing  fuselage  frames.  Owing  to  the  direotlon  of  sttaok  ohosen, 
however,  the  primary  targets  suffered  negligible  frame  damage  and  this  was 
not  considored  in  the  stress  analysos.  Firings  against  the  secondary  targets 
shov;ed  that,  for  other  directions  of  atteude,  frame  damage  could  be  severe 
and  would  almost  certainly  contribute  substantially  to  the  loss  in  strength 
of  a  fusolago  target.  This  effect  would  be  particularly  maiiced  where  it 
occurred  in  tension  loaded  surfaces  throu^  the  loss  of  frame  support  to  the 
stringoro  and  8ki!ming5, 
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(d)  Warhead  maiclmvm  hoop  radius  and  stand-off  dlatanoe 

Theso  are  directly  related  to  the  extent  of  the  target  exposed  to  rod 
attack  and  thus  appear  to  have  a  direct  bearing  on  the  length  of  tho  rod  out 
In  tho  target.  Tho  stand-off  distance  vdll  also  affect  the  degree  of  rod 
hoop  doployoent.  Thus  zig-zag  or  straight  line  outs  can  be  obtained. 

(e)  Bxlt  side  damage 

It  Is  apparent  that  the  nature,  extent  and  location  of  damage  to  the  rod 
exit  side  of  a  fuselage  target  ma^',  in  certain  eases,  be  the  deciding  factor 
as  to  whether  a  fuselage  falls  or  not.  The  trials  have  shown  that.  In  general, 
the  larger  the  rod  size  the  more  exit  damage  is  caused.  However,  the  trials 
were  done  against  virtually  empty  structures  and  since,  in  practice,  the 
majority  of  an  aircraft  fuselage  will  be  filled  with  fuel  tanks,  bombs  and 
oquipmont,  it  would  follor;  that  exit  damage  in  these  sections  could  be 
ne£,'llglblo. 

11  CONCLUSIONS 

11.1  The  main  conclusions  which  may  be  drawn  from  the  trials  are:- 

(a)  Rrom  the  results  of  a  single  firing,  against  two  targets,  there 
appears  to  be  no  significant  visual  difference  in  the  damage  obtained  from 
similar  attacks  with  3/l^  in.  square  section  continuous  rods  against  B.29 
fuselage  structures  In  the  unloaded  and  'loaded  to  1g'  condition. 

(b)  Under  the  conditions  of  the  trial,  only  the  1/4  ^7 

inference,  tho  3/I6  in.  rods,  are  capable  of  defeating  the  B.29  fuselage  at 
Stn.768  when  attacking  from  43*^  above  abeam  and  at  a  stand-off  of  63J(  of  the 
theoretical  maximum  hoop  radius. 

(c)  IMdor  the  samo  conditions,  only  the  3/l6  in.  rod  is  capable  of 
defeating  tho  3.29  fuselage  at  Stn.366. 

(d)  Tho  fuselage  sections  which  did  not  fail  under  rod  attack 
l.e.  3/16  in.  rod  against  Stn.760  and  1/4  in.  rod  against  Stn.366,  were 
found  to  be  capable  of  supporting  1.3  end  1.73  times,  respectlvsly,  the 
lovol  flight  loads  before  failure  occurred. 

(e)  All  thiree  sizes  of  rod  are  capabls  of  producing  continuous  outs, 
on  the  attack  side  of  a  fuselage  target,  of  length  greater  than  90j(  of  the 
apparent  maximum  aro  possible,  and  also  of  severing  all  skin  and  li^t 
members  in  contact  with  the  skin  over  the  length  of  the  out. 

(f)  Firings  against  fuselage  sections  at  directions  of  attack  of  43^ 
above  abeam  and  60°  off  astern  resulted  in  similar  attack  side  damage.  From 
the  latter  direction,  however,  exit  side  damage  was  reduced  and  considerable 
frame  damage  achieved. 

(g)  Damage  to  the  'Victor*  target  showed  that  a  1/4  in.  rod  is  capable 
of  severing  typical  sandwich  skin  structure  comprising  longerons,  double 
skin  and  closely  spaced  stringers  and  that  exit  side  damage  is  small  when 
internal  diaphragms  are  present. 

(h)  The  trials  results  and  interpretation  show  that  it  is  not  possible 
to  detemlne  the  residual  strength  of  a  damaged  target  by  visual  examination 
or  simple  stress  analysis  only.  It  appears  essential  that,  xmtll  a  better 
understanding  of  stress  oonosntratlon  sffeots  is  obtained,  firings  should  be 
made  against  loaded  structures  and,  if  necessary, these  should  be  loaded  to 
destruction  after  firing. 
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(j)  The  trials  have  also  shown  that  the  follcnrlng  factors  may  have 
a  significant  influence  on  rod  effectiveness  against  fuselage  targets i- 

(i)  Shape  of  rod  cut  extremities 
(ll)  Birsotlon  of  rod  attack 
(ill) Damage  to  fuselage  frames 

(iv)  Warhead  maximum  hoop  radius  and  stand-off  distance 

12  FURTHER  WORK 

12.1  It  will  be  seen,  from  the  work  described  in  this  Note.  that,  in  order 
to  assist  in  the  malcing  of  rod  warhead  lethality  assessments,  much  infor¬ 
mation  on  rod  effectlvonoss  against  fuselages,  of  various  forms  of  oon- 
atruoti on. remains  to  be  investigated.  It  is  suggested  that  further  warhead 
firing  trials  should  be  made  to  determinej- 

(a)  the  influence  of  direction  of  attack,  for  both  olroumferentlal 
and  angled  cuts,  on  fuselage  residual  strength,  the  trials  to  be  combined 
with  stress  analysis. 

(b)  the  influence  of  rod  size,  velocity,  maximum  hoop  radius  and 
warhead  stand-off  distance  on  the  length  and  type  of  rod  out  in  both  loaded 
and  unloaded  fuselage  sections. 

It  la  also  considered  essential  that  further  investigations,  probably 
using  theoretical  and/or  model  techniques,  should  be  undertaken  to  determine>> 

(a)  the  influence  of  out  end  shape  on  the  magnitude  of  stress  oon- 
centratlon  factors  produced  in  tension  loaded  surf sees. 

(b)  the  influence  of  frame  damage  on  fuselage  residual  strength. 

13  ACKHOWLEiDGamTTS 

13*1  Acknowledgements  are  due  toi- 

(a)  The  Superintendent.  P.  &  E.E.  (Shoeburyness)  and  his  staff  for 
their  co-operation  in  preparing  and  carrying  out  the  trials,  and  for  per¬ 
mission  to  reproduce  the  photographic  illustrations. 

(b)  The  Diroctor.  A.R.D.E.  and  personnel  of  Fd  Division  for  their 
co-oporation  in  the  supply  of  the  continuous  rod  warheads. 


Rof .Ho. 
1 


2 


LIST  OF  REFERENCES 

Author (s)  Title,  etc. 

Hancock.  D.A.  Continuous  rod  warhead  lethality  tests 

against  static  aircraft  targets 
(3/16  in.  X  3/16  in.  cross  section  rods) 
R.A.E.  Tech  Note  No.  lieoh.Sig.249, 

Deo. 1957  SECRET 


Hancock.  D.A.  Continuous  rod  warhead  lethality  tests 

against  static  aircraft  targets 
(1/4  in.  X  1/4  in.  cross  section  rods) 
R.A.E.Teoh  Note  No.  Meoh.Sig. 261.  June  193^ 
SECRET 


-  10  - 

SECRET-DISCREET 


SBCRaT-BISCItEBT 


Teobnloal  Note  No.  Meoh.Ebe.333 


Ref  .No,  Author  (a) 

3  Mallln,  R.a.E. 

4  Zapf|  D. 
Uaakell^  R.A. 

5  Zeitlln  Eli  A 

6  Robson,  S.A.L. 


LIST  OP  REEBRENCBS  (Contd. ) 

Title,  etc. 

Continuous  rod  warhead  lethal!'^  trials 
against  B.29  aircraft  wings  (3n6,  I/4  and 
3/16  in.  sq.uars  seotlon  rods). 

R.A.E.  Teoh.Note  No.  Heoh.Ehe.297.  July  1959. 
SECRET  DISCREET 

Sunnary  report  on  Sidewinder  warheeul 
effeotlvenosB  study. 

NAVORD  Report  5d964rOTS  2047.  June  1958. 
CONFIDENTIAL-DISCREET 

The  residual-load  factor  method  of  evaluating 
aircraft  damage  and  its  application  to  the 
B.29  and  B.47  aircraft. 

NAVCfflD  Report  5012^0TS  1348.  April  1958. 
CONFIDENTIAL-DISCREET 

Vortical  shears  and  bending  moments  for  B.29 
aft  body. 

B.J.S.M.  letter,  Ref .SIOB-13/3315/DALR  dated 
18tb  November  1958.  UNCLASSIFIED 


ATTACHEDt 
Appendix  1  and  2 
Tobies  1-3  and  App2,  1-4 
Pigs. 1-8  SHE  85423/R  -  SME  86430/R 
Figs. 9-14  Neg.Nos.  151*434  to  151*447 
Detachable  abstract  cards 


ADVANCE  DISTRIBUTION! 
DO/Off 

D/GWRD  (Action) 

DGWTD 
DA  Uecb 
DO  of  A 
DGAGS 
DG(RAF) 

DA  Arm 

ad/gw  (P  &  W) 

TIL  60 


Director.  RAE 
DmE  (A) 

DDRAE  (e) 

Structures  Dopt 
GV  Dept  RAE 
Arm  Dept  RAE 
RAE  Library 
RAE  Bedford  Library 
Pats  I/raE 


-  11  - 


SECRET-DISCREET 


SECSBT-DISCBEET 


Teohnlcal  Note  No.  Meoh.Big.333 


AFPESPIX  1 

DETAILS  OP  TABQET LAYOUT  AND  METHOD  OP  LOADING 


1  TAHGET  UYOUT 

1.1  The  primary  targets  used  In  the  trials  consisted  of  full-length 
Boeing  B.29A  fuselages  assembled  complete  with  inner  wings  and  tail-unit. 

To  simplify  the  method  of  loading  the  whole  target  assembly  was  mounted  in 
the  normal  flying  attitude  supported  by  two  reinforoed  oonorets  pillars, 
located  under  each  wing  rcot,  with  shaped  wooden  cradles  under  the  frcnt  and 
rear  spar  booms,  as  shown  in  Figs. 9  and  10.  To  support  the  counterbalance 
weights  located  in  the  aircraft  nose,  a  sandbag  cradle  was  constructed  under 
the  front  fuselage. 

1.2  The  seccsid^xy  targets,  which  were  not  loaded,  were  in  all  oases  simply 
supported  at  their  extromlties  by  sandbag  cradles  and/or  tubular  scaffolding. 

2  TARGET  LOADING 


2.1  It  was  desired  that  the  loading  of  the  primary  targets  should  produce 
stresses  in  tho  targots.at  the  stations  attacked,  representative  of  those 
occurring  «dion  tho  aircraft  was  flying  straight  and  level  in  non-turbulent 
air  at  an  all-up  weight  of  117>000  lb  (l.u.  with  full  bomb  load  and  half 
fuel  load).  Tho  roqulrod  conditions  wore  as  follows^t- 


--,__Puso^ge  station 
Condition  — 

Stn.768 

Stn.566 

Bonding  moment  (B.M.) 

Shear  force  (S.F.) 

2,311f,000  Ib/in. 
8225  !!> 

4,763»000  Ib/in. 

18,300  lb 

2.2  It  was  found  that  to  reproduce  these  conditions  exactly  would  require 
a  very  complicated  loading  system  and  it  was  finally  decided  to  load  the 
fuselage  by  moons  of  weights  placed  on  the  aircraft  tailplane  such  that  the 
percentage  errors  in  the  B.M.  and  S.F.,  at  the  etatiooe  attacked,  were  the 
same. 


Thus  the  conditions  under  vrtiich  the  fuselages  ware  attacked  were  as 
follows:- 


•  -  -  FSisolage  station 

Condition 

Stn.768 

Stn.566 

Bending  moment  (B.M.) 

Shear  force  (S.F.) 

2,159,800  lb  in. 

8885  lb 

5,736,000  lb  in. 

14,845  Ih 

It  will  be  noticed  that  the  errors  Involved  in  using  this  simple  ^rstem 
of  loading  are  appreciable  at  Stn.366.  However,  the  design  criteria  for  the 
B.29  fuselage  is  tho  landing  cose  at  hlf^  wel{^t  conditions,  and  hence  the 
actual  strength  of  the  fuselage  may  be  more  than  ten  times  that  required  for 
1g  levol  flight'*’.  It  was,  therefore,  considered  that  the  errors  present  would 
not  greatly  affect  tho  trials  results. 
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2«3  In  all  oases  where  the  targets  were  loaded^  the  refliuired  weights  were 
supported  on  wooden  hattens^  arranged  to  transmit  the  loads  to  the  fuselage 
throu^  the  front  and  rear  tallplane  spars  (l'lg<9)>  Water— filled  tsnln  located 
In  the  fuselage  nose  were  used  as  weights  to  oounterbalanoe  the  tall  loading# 
Details  of  fuselage  section  weights,  applied  loads  and  points  of  applloatlon, 
together  with  the  resulting  conditions  at  the  attack  stations  are  shown 
dlagrannatloally  in  Fig#1  and  detailed  in  Table  1# 

2,U  In  the  oaaos  where  the  fuselage  did  not  fail,  the  additional  load  to 
cause  failure  was  applied  by  means  of  a  cable ,attaohed  to  the  fuselage  below 
the  tallplane,  which  then  passed  under  a  pulley,  secured  to  a  strong  point 
in  the  ground,  vertically  below  the  point  of  applloatlon  of  the  load#  Tto 
load  was  thus  applied  horizontally  and,  from  a  spring  balance  in  the  odble 
run,  the  magnitude  of  the  load  applied  oould  be  measured# 


-  13  - 

SECRET-DISCREET 


SBCRET-DISCREBT 


Technical  Note  No*  Mooh.Big.333 
APPENDIX  2 

STRESS  ^mY3B3  OP  DAMAGED  FUSELAGE  SEiCTIONS 


1  METHOD  OP  ANALYSIS 

1.1  Stress  analyses  were  made  of  the  four  primary  fuselage  targets  which 
had  beun  subjected  to  continuous  rod  attach.  The  calculations  were  based 
on  bending  loads  only  and  in  view  of  the  small  amount  of  structure  severed 
on  the  exit  side  and  its  location  on  or  near  the  effective  neutral  axis  of 
the  damaged  fuselage,  exit  damage  was  neglected. 

The  general  method  of  analysis  was  the  same  as  that  used  in  the  Boeing 
stress  analysis  reports  on  the  B.29  aircraft  and  is  dosoribed  in  Ref .4. 

1.2  The  method  consists  of  determining  initially  the  position  of  the 
neutral  axis  of  tho  damaged  fuselage  section.  The  total  effective  cross- 
sectional  area  of  tho  remaining  structure  is  found  and  used  to  locate  the 
positicxi  of  tho  effective  neutral  axis.  The  total  moment  of  inertia  can 
then  bo  found  and  substituted  in  tho  rolationi- 

^  •  ¥ 


where  f  b  nominal  stress 


M  B  bonding  momont  on  section 
y  B  distance  from  effective  neutral  axis 
I  B  moment  of  inertia  of  section 


Thus,  the  magnitude  and  position  of  the  maximum  nominal  stresses  in  the 
damaged  section  may  be  determined. 

The  detailed  calculations  are  given  in  Tables  1-4.  For  the  purposes 
of  comparison  tho  maximum  stresses  under  the  actiial  trials  loading  and  for 
the  1g  level  flight  loading  are  shown. 
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StreflB  analy^lj 
Firing  Ho.i 
(Bending  loads  orlyj 


MMber 
(sea  Fig.2) 

Ustanoe  of 
meaber  from 
neutral  aods 

in. 

Iffeotii 

re  skin  area 

Stringer 

ares 

in.^ 

Total  area 

in.^ 

Tension 

in.^ 

CoQpresBian 

in.^ 

1 

2 

3 

4 

5 

6 

A 

dy 

-  (3)  or  (4)  +  (5) 

H 

58.3 

* 

0.395 

0.773 

I 

53.5 

- 

0.122 

0.500 

J 

47.8 

0.338 

- 

0.402 

0.740 

K 

41.5 

0.297 

- 

0.122 

0.419 

L 

34.7 

0.297 

- 

0.301 

0.598 

M 

27.5 

0.297 

- 

0.173 

0.470 

H 

20.1 

0.297 

- 

0.279 

0.576  1 

0 

12.7 

0.297 

- 

0.301 

0.598 

P 

5.5 

0.297 

- 

0.173 

0.470 

Q 

-  1.3 

- 

0.046 

0.395 

0.443 

R 

-  7.6 

- 

0.144 

0.402 

0.546 

S 

-13.3 

- 

0.048 

1.478 

1.526 

T  -  T* 

-15.8 

- 

2x0.048 

2x0.173 

0.442 

U  -  U* 

-18.1 

- 

2  X  0.048 

2x0.395 

0.886 

-22.0 

* 

2  xO.122 

2x0.402 

1.048 

-24.8 

- 

2  X  0.031 

2  X 0.395 

0.852 

-26.5 

- 

2  X  0.031 

2x0.173 

HUH 

-27.1 

- 

0.100 

0.402 

z 
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APPBTOIX  2 


TABLE  1 


Teohnloal  Eota  No.  ltoob.Ihg.333 


Firing  No.1  - 
ing  loads  only. 


in.  rod  v.  Stn.768 


Compression 


stress  Msximum  strsss 
(trial  loading)  (lg  level  fli|d>t 

loading) 


SECRBT>DISCREET 


St3f>  WtU 


Kt^tr  Uitaao*  of  BCfaotlvt 

(a..^  fPOB 

Tig,2)  noutral  nls  Conppossion 


Total  area 


Q 

R  >•  B' 
3-3* 
T  -  T* 


1 


59.9 
58.1 

53.3 
47.6 

41.3 

34.5 

27.3 

19.9 

12.5 
5.3 

-  1.5 
-7.8 
-13.5 
-16.0 
rl8,3 
-22.2 
-25.0 
-26.7 
-27.1 


0.378 

0.378 

0.338 

0.297 

0.297 

0.297 

0.297 

0.297 

0.297 


61.68 

TOZ69 


0.048 

2  X  0.144 

2  X  0.048 

2  X  0.046 
2  X  0.048 
2  X  0.122 
2  X  0.031 
2  X  0.031 
0.100 


4«3  in. 


0.122 

0.402 

0.122 

0.301 

0.173 

0.279 

0.501 

0.173 

0.395 

2  X  0.402 

2  X  1.478 
2  X  0.173 

2  X  0.595 

2  X  0.402 

2  X  0.395 

2  X  0.173 

0.402 


(3)  or  (4)  +(5) 


0.551 

0.122 

0.500 

0.500 

0.740 

0.419 

0.598 

0.470 

0.576 

0.598 

0.470 

0.443 

1.092 

3.052 

0.442 

0.886 

1.048 

0.852 

0.408 

0.502 


14.269 


M.als  bending  moomt 
1g  bending  mommt 
B»U.  at  failure 
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appendix  2 
TABLE  2 

Stras*  analysis  of  daaagad  fu8*l*g» 

Firing  No.2  -  ^/^€  in,  rod  v,  3te.768 
(Bending  loads  only,  rod  »xit 


Stringer 

area 

in.2 

Total  area 

in.^ 

in.3 

datanoe  of 
member  from 
effective 
neutral  azia 

in. 

Moment  of 
Inertia 

In.^ 

etres* 

(trial 

loading) 

Ib/ln.^ 

Maxi mum 
atreaa 
(lg  level 
fillet 
loading) 

Ib/in.^ 

Maxinami  atress 
at  failure 

Ib/in.^ 

5 

6 

7 

8 

9 

10 

11 

12 

I  -  £Ay^ 

¥ 

f.  . 

f". 

A 

Ady 

y 

■ 

-  (3)  or  (4)  +(5) 

»  (2)  X  (6) 

-  (2)  -  y 

-  (6)  X  (Sf 

■ 

0.551 

34.2 

1830 

-fi  0.400 

+11.180 

+16.400 

Wgm 

0.122 

7.3 

378 

m 

0.500 

29.0 

1440 

0.122 

0.500 

26.6 

49.0 

1200 

0.L02 

0.740 

35.2 

43.3 

1382 

0.122 

0.419 

17.3 

37.0 

575 

0.301 

0.598 

20.6 

30.2 

546 

0.173 

0.470 

■  12.8 

23.0 

249 

0.279 

0.576 

11.4 

15.6 

140 

0.301 

0.598 

7.48 

8.2 

40.2 

0.173 

0.470 

2.49 

1.0 

0.5 

0.395 

0.443 

-  0.67 

-  5.8 

14.9 

2  X  0.402 

1.092 

-  8.56 

-12.1 

160.2 

2  X  1.476 

3.052 

-41 .20 

-17.8 

970 

2  X  0.173 

0.442 

-  7.10 

r20.3 

182.5 

2  X  0.395 

0.886 

-16.16 

-22.6 

453.0 

2  X  0.402 

1.048 

-23.30 

-26.5 

738 

2  X  0.395 

0.852 

-21.25 

-29.3 

734 

k  X  0.173 

O.4O8 

-10.88 

-31.0 

392 

0.402 

0.502 

-13.57 

-31.4 

495 

-5.690 

-6.100 

-6.940 

14.269 

+61 .68 

11.920.3 

IMals  bending  moment  U  ^  2t139f^  lb  In. 

1g  bending  moment  M'  -  2|314|000  lb  in. 

B.U.  at  failure  H"  »  3»394>800  lb  in. 
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I 


ll«b«r 

Blstano*  ct 

Iff activa  aldn  araa 

Strincar 

arts 

Total  araa 

(a— 

W«.2) 

BMibar  trm 
naiiiral  uda 

Tanaton 

Coapraasion 

in. 

In.^ 

in.* 

in.* 

in.* 

1 

2 

3 

4 

5 

6 

dy 

A 

-  (3)  or  (4)  ♦  (5) 

B 

64.8 

0.358 

•  - 

0.395 

0.753 

C 

62.7 

0.358 

- 

0.395 

0.753 

B 

59.3 

0.358 

- 

0.198 

0.556 

B 

56.9 

- 

- 

0.122 

0.122 

F 

54.6 

0.408 

• 

0.395 

o.ao3 

0 

48.8 

0.457 

- 

0.122 

0.579 

H 

42.0 

0.457 

- 

0.301 

0.758 

I 

34.4 

0.457 

- 

0.122 

0.579 

J 

26.1 

0.457 

- 

0.301 

0.758  ’ 

C 

17.4 

0.457 

•a 

0.173 

0.630 

L 

8.5 

0.457 

- 

0.173 

0.630 

M 

0.457 

- 

0.301 

0.758 

B 

-  9.1 

- 

0.078 

0.173 

0.251 

0 

-17.4 

- 

0.078 

0.173 

0.251 

F  -  P» 

-19.9 

- 

2  X  0.126 

2  X  0.732 

1.716 

0221 

-25.0 

2  X  0.078 

li*  0.395 

0.748 

-19.9 

- 

2  X  0.172 

2  X  0.940 

2.224 

IPI 

-31.8 

- 

0.078 

0.395 

0.473 

-33.5 

- 

2  X  0.201 

2  X  2.534 

5.470 

X 

18.812 

-  -  -- i 

SaCBBT-DISCREErr 


Taolmioal  Not*  lo.  UMh>lig«333 

APPBTOIX  2 
TABM  3 

of  *»«iuwd  fuBalMia 
firing  10.3  ~  1A  In.  rod  v.  Sin,3U 
(Banding  londto  ctdr.  rod  wdt  ^irUT 


mi. 

maion 

stringer 

area 

in.® 

Total  ares 

in.2 

in.3 

Ustanoe  of 
ms^>er  f  ron 
effeotive 
neutral  axis 

in. 

MoaMnt  of 
inertia 

In,*^ 

Haxinun 

atreM 

(trial  ^ 
loading) 

Ib/ln.* 

atreas 

(1  c  level 
flildit  ^ 
loadiag) 

Ib/la,* 

Matlaiia  stress 
at  failure 

Ib/ln.® 

5 

6 

7 

8 

9 

10 

11 

12 

I  - 

mm 

f«. 

. 

- 

A 

■  (3)  or  (k)  *  (5) 

Ady 

-  (2)  X  (6) 

y 

-  (2)  -7 

tr\  ^  /a\2 

■  \®/  ^  10; 

Hdqi 

— fr5r 

0.395 

0.753 

48.7 

65.1 

3180 

15,680 

13,000 

22,600 

0.395 

0.753 

47.2 

63.0 

2980 

0.198 

0.556 

33.0 

59.6 

1971 

0.122 

0.122 

6.97 

57.2 

399 

0.395 

0.1303 

43.8 

54.9 

2415 

0.122 

0.579 

28.2 

49.1 

1390 

0.301 

0.758 

31.8 

42.3 

1352 

> 

0.122 

0.579 

19.9 

,34.7 

697 

. 

► 

0.301 

0.758  ' 

19.7 

26.4 

529 

. 

0.173 

0.650 

10.9 

17.7 

197.5 

0.173 

0.630 

5.35 

8.8 

48.7 

0,301 

0.758 

0.30 

0.4 

H 

0.173 

0.251 

•  -  2.26 

^  8.8 

19.4 

18 

0.173 

0.251 

-  4.37 

t17.1 

73.6 

P« 

2  X  0.732 

1.716 

-34.20 

‘19.6 

661.0 

1^  0.395 

0.748 

-18.70 

-24.7 

457.0 

2  X  0.940 

2.224 

-44.40 

-19.6 

858,0 

s 

0.395 

0.473 

-15.0 

-31.5 

470.0 

il 

2  X  2.534 

5.470 

-183.0 

-5« 

6O4O.O 

-8,020 

-6,660 

-11,900 

18.«12 

-  6.13 

23.738.6 

!»**• 


f 


I 


Trials  banding  moiDsnt  U  ■ 
1g  banding  moment  M*  > 
2.M.  at  failtire  M"  - 


3,736,000  lb  in. 
4,763,000  lb  in. 
8,276,000  lb  in. 


-  20  - 

gmnBwiunTflCTmgp 


SBCBKr-DISCREBr 


TMhnloal  Hot*  lo.  ltoab«Bis.333 


APPBUgXg 


Straw  analysla  of 

Flrlna  Io.lt  -  5/l6  In.  rod  v,  3tn.S66 


■1 

1 

Stringar 

araa 

to.* 

Total  araa 

to.* 

to.3 

Olataaea  of 
Mribar  froa 
affaetlTa 
neutral  aada 
to. 

MoMBt  of 
toartia 

to.^ 

(trial  leadtoc) 
Ib/to.* 

loaAtoc) 

Ib/to.* 

5 

6 

7 

8 

9 

10 

11 

I  -  »Ajr* 

f  -SJi 

A 

idjr 

1  _ 

-  (3)  or  (4)+  (5) 

-  (2)  X  (6) 

-  (2)  -  F 

-  (6)x(8)* 

M  X  (8) 

■»4i# 

0.395 

0.803 

51.2 

3220 

+25,500 

+21,100 

0.122 

0.579 

33.6 

1915 

0.301 

0.758 

38.8 

1950 

0.122 

0.579 

25.3 

43.2 

1077 

0.301 

0.758 

26«8 

34.9 

925 

0.173 

0.630 

•  16.8 

26.2 

432 

0.173 

0.630 

11.2 

17.3 

188 

0.301 

0.758 

6.75 

.  8.4 

53.5 

p 

0.173 

0.251 

0.50 

-0.3 

0 

0.173 

0.251 

-2.03 

-  8.6 

16.6 

f 

0.732 

0.658 

-  9.05 

-11.1 

105.1 

1 

2  »  0.395 

0.946 

-14.80 

-16.2 

248.0 

2  »  0.940 

2.224 

-23.70 

-11.1 

274.0 

1 

2  a  0.395 

0.946 

-21.20 

-23.0 

500.0 

L 

2  X  2.334 

5.470 

-132.0 

-24.7 

3335.0 

-9,950 

-8,200 

L 

18.441 

♦  8.17 

1.4241.2 

SM£.884eS/«. 
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FIG.  2. 


STN.  768 
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STN.  W§ 
(f^PT  MMB  tAV) 


FIG. 2.  CROSS -SECTIONS  OF  B.29  FUSELAGE  AT 

ATTACK  STATIONS. 
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SECRET 


T.N.ME.3SS 

FIG.  5. 


HM.  tcvnie  Mpxnw 

AHE  tHOWM  OOTTCD 


wiutT:  fom/m  no  not  nml. 

rmleo  Arm  aapucation  or 

AKHIOMAL  ISOKIAATrrNJOSIl 
SQUIVAUNT  TO  l-TS)  lOTAL  LflAO 


STfi  866  OF  LOADED  8.29  FUSELAGE 


FIG.  5.  FIRING  3.  RECORD  OF  ROD  DAMAGE  TO 
PRIMARY  TARGET  (1/4 w. rod) 
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FIG.  6. 


N.a  SEVERED  MEMBERS 
M  ARE  SHOWN  DOTTED 


STNi,  5S7  TO  5t7  OF  UNLOADED  1.29  FUSELAGE  SECTION 


FIG.  6.  FIRING.  3.  RECORD  OF  ROD  DAMAGE  TO 
SECONDARY  TARGET(tl»  m  ro^ 
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FIG.  7. 

N.ft  tfVtMO  HfMttm 


REKJLT;  PUSCIMK  RMlSa  AU  RlHMmm 

smuenME  vnm  than  ^ninwoii 

LOWIR  HtMHRf  RMUNf  IN  TfNSlON 
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FIG.  7.  FIRING  4.  RECORD  OF  ROD  DAIwM^GE  TO 
PRIMARY  TAR(^T(f/iEN.Ro^ 
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FIG.  8. 


NS.  fcvERiro  MCMsets 


STNS.  tao  TO  M7  OF  UNLOADED  1.29  FUSELAGE  SECTION 


FIG.  a.  FIRING.  4.  RECORD  OF  1^  DAMAGE  TO 
SECONDARY  TARGET  (^is  m.  rod) 


FIG,9.  TYPICAL  LAYOUT  SHOWING  PWMARY 
AND  SECONDARY  TARGETS  (HRING  3) 


FIG.I0.  TYPICAL  LAYOUT  SHOWING  PRIMARY 
AND  SECONDARY  TARGETS  (HRING  4) 
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FIG.IIaAb 


FIG.tla.  niUNG  I.  MUMARY  TARGET.  ROD  DAMAGE  TO  ATTACK 
SIDE  SHOWING  FAILURE  (i  Inch  ROD.  STN.768) 


FIG.I  Ik  FIRING  I.  PRIMARY  TARGET.  E3(fT  SDE  OF  FUSB^ 
AFTER  FAILURE  (i  inch  ROD.  STN.7il) 
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TECH.  NOTE:  HECH.  ENG.  333 

FIG.IIcAd 


FIG. lie.  HMNG  i.  SECONDARY  TARGET.  VICTOR  REAR  FUSEUGE 
BEFORE  FIRING  (i  Inch  ROD.  STN.M0) 


FIG.I  Id.  FIRING  I.  SECONDARY  TARGET.  VICTOR  REAR  FUSELAGE 
AFTER  RRING  (i  Inch  ROD.  STN.flO) 


NCIIIT 


TECH.  NOTE:  MECH.  ENG.  333 

FIG.  12a 


ATTACK  SIDE 


EXIT  SIDE 


FIG.I2t.  FIRING  1  PRIMARY  TARGET.  DAMAGE  TO  FUSELAGE 
AFTER  FIRING  (^Inch  ROD.  STN.7E8) 
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FIG.  1 3a 


EXTERIOR 


INTERIOR 


FIG.i3«.  FIRING  3.  PaiMAHY  TARGET.  ROD  DAHAGE  TO  ATTACK 
SIDE  OF  FUSELAGE  (i  inch  ROD.  STN.566) 
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FIG.  1 3b 


EXTERIOR 


INTERIOR 


FK;.l3b.  FIRING  3.  PRIHARY  TARGET.  ROD  DAMAGE  TO  EXIT 
SIDE  OF  FUSELAGE  (i  Inch  ROD.  STN.5«6) 
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FIG.I3C 


EXTEMOR 


INTERIOR 


FK:.I3c  FtMNG  3.  PRIMARY  TARGET.  FAILURE  OF  ATTACK  SIDE  OF 
FUSELAGE  AFTER  APPLICATION  OF  ADDITIONAL  LOAD 
(iinch  ROD.  STN.5M) 
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FIG.  1 3d 


EXTERIOK 


INTERIOR 


FIG.I34.  FIRING  3.  PRIMARY  TARGET.  FAILURE  OF  EXIT  SIDE  OF 
FUSELAGE  AFTER  APPLICATION  OF  ADDITIONAL  LOAD 
(i  Inch  ROD.  STN.5M) 
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FIG.I3e 


EXTERIOK 


FIG.I3«.  FIRING  3.  SECONDARY  TARGET.  ROD  DANAGE  TO  ATTACK  SIDE 
OF  FUSELAGE  (i  inch  ROD.  STN.SM.  <0°  OFF  DEAD  ASTERN) 
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TECH.  NOTE:  MECH.  ENG.  333 

FIG.  14a 


ixmioft 


MTfMOft 

FIG.I^  BRING  4.  PRIMARY  TARGET.  ROD  DAMAGE  TO  ATTACK  SIDE 
OF  FUSELAGE  (A  inch  ROD.  STN.5M) 
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FIG.I4b.  MUNG  4.  PRIMAAY  TARGET.  ROD  DAMAGE  TO  EXIT  SIDE 
OF  FUSELAGE  (flitch  ROD.  STN.566) 
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FIG.I4C 


FIG.I4C  FIRING  4.  SECONDARY  TARGET.  ROD  DAMAGE  TO  ATTACK 
SIDE  EXTERIOR  Inch  ROD.  STN.566.  60'  OFF  DEAD  ASTERN) 
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